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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED 
I n t r o d u c t io n
The developm ent o f  c a r d i o - r e s p l r a t o r y  endurance  i s  an im p o r ta n t  
f a c to r  in  long d i s t a n c e  ru n n in g .  In  th e  p a s t ,  v a r io u s  t r a i n i n g  p ro ­
cedures  have been  used i n  an a t te m p t  to  develop  t h i s  component of human 
p erfo rm ance . At th e  p r e s e n t  t im e ,  i n t e r v a l  t r a i n i n g  i s  ad v o ca ted  by 
many of th e  top coaches f o r  th e  developm ent of c a r d i o - r e s p i r a t o r y  en­
d u ran ce .  T h is  t r a i n i n g  c o n s i s t s  o f fo u r  s i g n i f i c a n t  f a c t o r s :  (1) a
s p e c i f i e d  d i s t a n c e  which i s  r e p e a te d  a g iv en  number o f  t im e s ;  (2) a 
reco v e ry  p e r io d  d u r in g  which th e  a t h l e t e  jo g s  s lo w ly  and r e l a x e s ;
(3) a p red e te rm in ed  p a c e ,  c a r e f u l l y  t im ed , a t  which th e  a t h l e t e  covers  
a s e t  d i s t a n c e ;  and (A) a p re d e te rm in e d  number o f  r e p e t i t i o n s  i n  runn ing  
th e  d i s t a n c e .  Those r e s p o n s ib le  fo r  d e v e lo p in g  t h i s  ty p e  o f  endurance  
a re  i n t e r e s t e d  i n  knowing what com bina tion  of r e p e t i t i o n s  o f  a s p e c i f i e d  
w orkload d eve lops  th e  maximum oxygen in ta k e  most e f f i c i e n t l y .
The Oregon System o f  T ra in in g  of Runners i s  a ty p e  o f  i n t e r v a l  
t r a i n i n g  program  t h a t  i s  w id e ly  used by c o a c h e s .  Bowerman (A ), th e  
o r i g i n a t o r  o f  t h i s  sy s tem , a d v o ca te s  a w orkload  of i n t e r v a l  r e p e t i t i o n s  
w i th  a t o t a l  ru n n in g  d i s t a n c e  o f  tw ice  and th r e e  t im es  th e  c o m p e t i t iv e  
d i s t a n c e .  These s h o r t  i n t e r v a l  r u n s ,  when combined, t o t a l  two o r  t h r e e  
t im es th e  c o m p e t i t iv e  d i s t a n c e .  In c lu d e  o n ly  th e  d i s t a n c e s  run  a t  r a c e  
p a c e ,  and does n o t  in c lu d e  th e  r e c o v e ry  d i s t a n c e .  He i n t e r s p e r s e s  jo g ­
ging  be tw een  th e  f a s t e r  r u n s ,  making th e  ru n n in g  and jo g g in g  a c o n t i n u i t y .
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This makes th e  t o t a l  m ileag e  of runs  p lu s  jo g g in g  c o n s id e ra b ly  g r e a t e r  
than  j u s t  th e  i n t e r v a l  d i s t a n c e  a t  which th e  ru n n e r  t r a i n s .  Bowerman 
d e f in e s  th e  ru n n in g  w ork load  d i s t a n c e  as  an i n t e r v a l  d i s t a n c e  and th e  
jo g g in g  betw een w ork loads  a re c o v e ry  i n t e r v a l .
T h is  system  of i n t e r v a l  t r a i n i n g  i s  f u r t h e r  e x p la in e d  by Bower­
man as fo l lo w s :  w i th in  each  m o n th 's  t r a i n i n g  th e r e  i s  a  v a r i a t i o n  in
m ile a g e .  The f i r s t  and t h i r d  weeks o f  t r a i n i n g  c a l l  f o r  i n t e r v a l  runs 
o f  tw ic e  th e  c o m p e t i t iv e  d i s t a n c e .  The second and f o u r th  weeks of 
t r a i n i n g  c a l l  f o r  i n t e r v a l  runs  o f  th r e e  tim es th e  c o m p e t i t iv e  d i s t a n c e .  
The pace f o r  each  of th e  i n t e r v a l  d i s t a n c e s  i s  d e te rm in e d  by th e  average  
pace a t  which an in d iv id u a l  can run  th e  c o m p e t i t iv e  d i s t a n c e  fo r  which 
he i s  t r a i n i n g .  The re c o v e ry  i n t e r v a l  d e c re a se s  d u r in g  th e  f i r s t  th r e e  
weeks o f t r a i n i n g .  D uring th e  f i r s t  week of t r a i n i n g ,  th e  reco v e ry  
i n t e r v a l  i s  th e  same le n g th  as th e  i n t e r v a l  r u n .  I n  th e  second week 
of t r a i n i n g  th e  re c o v e ry  i n t e r v a l  d e c re a se s  to  o n e - h a l f  o f  th e  i n t e r v a l  
d i s t a n c e  ru n .  During the  t h i r d  and f o u r th  w eeks, th e  re c o v e ry  i n t e r v a l  
d e c re a se s  to  o n e - q u a r t e r  o f  th e  i n t e r v a l  d i s t a n c e  ru n .  At th e  end of 
the  fo u r  weeks o f  t r a i n i n g ,  th e  c o m p e t i t iv e  d i s t a n c e  i s  run  and a new 
pace tim e i s  d e te rm in e d .  The program i s  th en  r e p e a te d  w i th  each  i n t e r ­
v a l  run a t  th e  new pace t im e .
I t  would be o f  i n t e r e s t  to  t r a c k  coaches  u s in g  i n t e r v a l  t r a i n ­
in g  methods to  know more p r e c i s e l y  j u s t  what v a r i a t i o n  i n  m ile a g e  would 
develop c a r d i o - r e s p i r a t o r y  endurance  most e f f i c i e n t l y  f o r  th e  av e rag e  
c o m p e t i t iv e  ru n n e r .
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The Problem
S ta tem en t o f  th e  Problem
The problem  o f  t h i s  s tu d y  was to  d e te rm in e  th e  changes in  
c a r d i o - r e s p i r a t o r y  endurance s p e c i f i c  to  i n t e r v a l  t r a i n i n g  programs o f  
tw ice  the  c o m p e t i t iv e  d i s t a n c e ,  th r e e  tim es th e  c o m p e t i t iv e  d i s t a n c e ,  
or  o f  a l t e r n a t i n g  each week two and th r e e  tim es th e  c o m p e t i t iv e  d i s t a n c e .  
S p e c i f i c a l l y ,  t h i s  change was m easured by th e  Astrand-Rhym ing Nomogram.
S ig n i f ic a n c e  o f  th e  Study
Coaches need to  know what v a r i a t i o n s  i n  m ileag e  o f f e r  th e  most 
e f f e c t i v e  developm ent of c a r d i o - r e s p i r a t o r y  e n d u ra n c e . With t h i s  i n ­
fo rm a tio n  a v a i l a b l e ,  th e  coach sh o u ld  be a b le  t o  t r a i n  h i s  boys more 
e f f i c i e n t l y .
L im i ta t io n s  of th e  Study
1 . The s u b je c t s  were t h i r t y  u n t r a in e d  male s tu d e n t s  e n r o l l e d  
i n  a p h y s ic a l  c o n d i t io n in g  a c t i v i t y  c l a s s  a t  th e  U n iv e r s i ty  
o f  Montana.
2. I t  was no t p o s s i b l e  to  r e g u l a t e  th e  h e a l t h  h a b i t s ,  o u t ­
s id e  a c t i v i t i e s ,  s l e e p ,  and d i e t  h a b i t s  o f  th e  s u b j e c t s .
3 . An a t te m p t  was made to  d is c o u ra g e  a d d i t i o n a l  c o n d i t io n in g  
a c t i v i t i e s  by th e  s u b je c t s  o u t s id e  o f  th e  s tu d y .
4 .  The o n ly  m easure o f  c a r d i o - r e s p i r a t o r y  en d u ran ce  used  was 
th e  Astrand-Rhym ing Nomogram.
5 . S u b je c ts  w i th  e x e r c i s e  h e a r t  r a t e s  o f  o v e r  180 b e a t s  p e r
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m inute  i n  th e  p r e - t e s t  were ex c lu d ed  from th e  s tu d y  s in c e  
t h i s  would n o t  be a sub-m axim al t e s t  f o r  them.
D e f in i t i o n s  o f  Terms
C a r d i o - r e s p i r a t o r y  Endurance o r  C i r c u l o - r e s p i r a t o r v  E n durance . 
The a b i l i t y  o f  an in d i v i d u a l  to  p e r s i s t  a t  a p r e s c r ib e d  w orkload 
a e r o b i c a l l y .
C om petit ive  D i s t a n c e . The d i s t a n c e  run  in  a c t u a l  c o m p e t i t io n .  
I n t e r v a l  D i s ta n c e . A d i s t a n c e ,  s h o r t e r  th a n  th e  c o m p e t i t iv e  
d i s t a n c e ,  b u t  run a t  a  c o m p e t i t iv e  p a c e .  These s h o r t  runs  a re  i n t e r ­
s p e rse d  by r e c o v e ry  i n t e r v a l s .
J o g g in g . A pace which i s  f a s t e r  th a n  a w a lk ,  b u t  s lo w er  th a n
a run .
K ilopond o r  k p . I s  th e  f o r c e  a c t i n g  on th e  mass o f  1 k i lo g ra m  
a t  normal a c c e l e r a t i o n  of g r a v i t y ;  100 kpm/min. = 723 f o o t - p o u n d s /m in . , 
(A s tran d ,  3 ) .
Pace Time. The av erag e  tim e n e c e s s a ry  t o  run  th e  i n t e r v a l
d i s t a n c e .
Recovery I n t e r v a l . The d i s t a n c e  jogged  as  a ty p e  of r e s t  a f t e r  
th e  i n t e r v a l  d i s t a n c e  has  been ru n .
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CHAPTER I I
REVIEW OF THE RELATED LITERATURE
No one p e rso n  o r  co u n try  can be c r e d i t e d  w i th  th e  in v e n t io n  
of i n t e r v a l  t r a i n i n g .  Runners o f  th e  1920’ s worked w i th  a system  of 
t h i s  ty p e .  In  1932, K u so c in sk i ,  th e  g r e a t  P o l i s h  ru n n e r ,  worked o u t 
w ith  a s p e c i f i c  i n t e r v a l  and s p e c i f i c  number of r e p e t i t i o n s .  Woldemar 
G ersch1 e r ,  guided  by p h y s io l o g i s t  Dr. H e rb e r t  R e i n d e l l ,  i s  g e n e r a l ly  
c r e d i t e d  w ith  th e  development o f  i n t e r v a l  t r a i n i n g  betw een 1935 and 
1940. G e rsc h le r  d e n ie s  b e in g  th e  s o le  i n v e n to r  o f  i n t e r v a l  t r a i n i n g  
and s t a t e s  t h a t  he does n o t know who was th e  t r u e  in v e n to r  (D oherty ,  9) 
R e g a rd le s s  o f  who i s  t o  be c r e d i t e d  w ith  th e  i n v e n t io n ,  th e  
advoca tes  o f i n t e r v a l  t r a i n i n g  n o te  fo u r  f a c t o r s  in v o lv e d  i n  i t s  u s e :
(1) a s p e c i f i c  d i s t a n c e  which i s  r e p e a te d  a g iv en  number o f  t im e s ,
(2) a re co v e ry  p e r io d  d u r in g  which th e  a t h l e t e  jo g s  s lo w ly  and r e l a x e s ,
(3) a p re d e te rm in e d  p a c e ,  c a r e f u l l y  t im ed ,  a t  which th e  a t h l e t e  covers  
each s p e c i f i c  d i s t a n c e ,  and (4) a p re d e te rm in e d  number of r e p e t i t i o n s  
in  ru n n in g  th e  paced  d i s t a n c e  (K la fs  and Arnheim, 11, W i l t ,  26,
Dayton, 7 ) .
The v a lu e  o f  i n t e r v a l  t r a i n i n g  l i e s  in  i t s  a d a p t a b i l i t y  to  
w hatever  c o n d i t i o n ,  i n d i v i d u a l  n e e d s ,  o r  coach ing  p h ilo so p h y  t h a t  may 
p r e v a i l  a t  th e  t im e .  By em phasiz ing  t h i s  a d a p t a b i l i t y ,  a man can  
shape h i s  developm ent (D o h erty ,  9) .
The use  o f  i n t e r v a l  t r a i n i n g ,  to d a y ,  i s  f o r  th e  p u rpose  o f  
h e a r t  t r a i n i n g .  There i s  no b e t t e r  method to  i n c r e a s e  th e  e f f i c i e n c y
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o f  th e  h e a r t  i n  th e  s h o r t e s t  p o s s i b l e  t im e .  However, th e  e f f e c t s  a r e  
s a id  n o t  t o  be as  s t a b l e  as th e  h e a r t  t r a i n i n g  p ro c e s s  in v o lv e d  i n  th e  
tim e consuming long d i s t a n c e  ru n n in g  ( N e t t ,  1 8 ) .
I n  S m i t 's  (21) rev iew  o f  i n t e r v a l  t r a i n i n g ,  he draws the  
fo llo w in g  c o n c lu s io n  co n ce rn in g  t h i s  type  o f  t r a i n i n g :
E m p i r i c a l ly ,  i n t e r v a l  t r a i n i n g  w i th  i t s  c h a ra c ­
t e r i s t i c  rh y th m ic a l  a l t e r n a t i o n s  betw een more and 
l e s s  work, has  proved in  p r a c t i c e  t h a t ,  i n  s p i t e  o f  
o f  i t s  g r e a t e r  o u tp u t  o f w ork, s t r o n g e r  d eve lopm en ta l  
s t i m u l i  w i th  l e s s  f a t i g u e  a re  o b ta in e d  th a n  by means 
o f th e  o ld e r  forms o f  co n tin u o u s  s u s t a in e d  e f f o r t .
However, no s c i e n t i f i c  e x p la n a t io n  i s  a v a i l a b l e  as 
to  why t h i s  i s  s o .
S p re c h e r  (22) i n  a v i s i t  w i th  D r. Woldemar G e r s c h le r ,  known 
by some as th e  f a t h e r  o f  i n t e r v a l  t r a i n i n g ,  r e p o r t s  what G e r sc h le r  
f e e l s  a re  b a s ic  p r i n c i p l e s  a f f e c t i n g  c a r d ia c  developm ent: (1) p h y s ic a l
e x e r c i s e  i n c r e a s e s  th e  h e a r t  and r e s t  slows i t  down, (2) r e p e a te d  phys­
i c a l  e x e r c i s e  i n  t r a i n i n g  reduces  th e  number o f  h e a r t  b e a t s  p e r  m inute  
fo r  th e  same volume of b lo o d  a t  a g iv e n  t im e ,  (3) th e  volume o f  b lood 
fo r  an i n d i v i d u a l  human body i s  c o n s t a n t .  I f  th e  h e a r t  b e a t s  d im in ish  
d u r in g  t r a i n i n g  f o r  th e  same volume of b lo o d ,  th e  q u a n t i t y  o f  b lood  
pumped must be in c r e a s e d  w ith  each  h e a r t  b e a t .  D r. G e r s c h le r  s t a t e s  
t h a t  " i t  i s  d u r in g  th e  re c o v e ry  p h a se ,  th e  p u ls e  r e t u r n i n g  from 180 
to  120 b e a t s  p e r  m in u te ,  t h a t  th e  h e a r t  m uscle i s  s t r e n g th e n e d , "
N e t t  (17) r e p o r t s  t h a t  th e  most f a v o ra b le  b e a t  volume o ccu rs  
when th e  h e a r t  r a t e  i s  a p p ro x im a te ly  130 to  150 b e a t s  p e r  m in u te .  The 
e f f e c t i v e n e s s  o f  i n t e r v a l  t r a i n i n g  i n  p ro d u c in g  t h i s  h ig h  s t r o k e  volume 
i s  a d i f f e r e n c e  i n  d e g re e ,  n o t  a b a s i c  d i f f e r e n c e  in  th e  k in d  o f  a d j u s t ­
m ent. D is ta n c e  t r a i n i n g  p roduces  th e  same ty p e  o f  in c r e a s e  b u t  n o t as 
q u ic k ly  as i n t e r v a l  t r a i n i n g .
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I n  Sharkey and H o llem an 's  s tu d y  (20) o f s e l e c t e d  c a r d io ­
r e s p i r a t o r y  a d a p ta t io n s  to  t r a i n i n g  e x e r c i s e  e l i c i t i n g  h e a r t  r a t e s  o f 
120, 150, and 180 b e a t s  p e r  m in u te ,  th ey  r e v e a le d  t h a t  th e  group t r a i n ­
ing  a t  a h e a r t  r a t e  o f 180 b e a t s  p e r  m inute  showed s i g n i f i c a n t  d ev e lo p ­
ment of a e ro b ic  c a p a c i ty  from th e  o th e r  h e a r t  r a t e s  e l i c i t e d .  The 
group w ith  h e a r t  r a t e s  o f  150 improved s i g n i f i c a n t l y  more th a n  th e  120 
group, and th e  c o n t r o l  group . I t  was concluded  t h a t  d u r in g  b r i e f  
t r a i n i n g  p e r io d s  th e  e x e r c i s e s  need to  be i n te n s e  to  b r in g  about changes 
in  c a r d i o - r e s p i r a t o r y  en d u ran ce .
Nagle and Bedecki (16) s tu d ie d  f o r t y - f o u r  s u b je c t s  i n  an a l l -  
o u t ru n  on a m otor d r iv e n  t r e a d m i l l  to  d e te rm in e  th e  c u t - o f f  p o in t  in  
m easuring  c i r c u l o - r e s p i r a t o r y  c a p a c i t y .  The tim es f o r  a t t a i n i n g  h e a r t  
r a t e s  o f  150, 160, 170, and 180 b e a t s  p e r  m inu te  w ere re c o rd e d  a long  
w ith  measurements o f  v e n t i l a t i o n ,  oxygen u p ta k e ,  and carbon  d io x id e  
p ro d u c t io n .  The c o r r e l a t i o n s  betw een h e a r t  r a t e  tim e and th e  a l l - o u t  
ru n  tim es in c r e a s e d  w i th  th e  h e a r t  r a t e ,  a c o r r e l a t i o n  o f  .85 b e in g  
o b ta in e d  when th e  r a t e  was 180 b e a t s  p e r  m in u te .  I t  was concluded  
t h a t  th e  180 h e a r t  r a t e  s e rv e s  as a v a l i d  c u t - o f f  p o i n t  i n  m easuring  
c i r c u l o - r e s p i r a t o r y  c a p a c i ty  under  v a r i a b l e  e x e r c i s e  s t r e s s  c o n d i t i o n s .
T ay lo r  (23) found t h a t  h e a r t  r a t e  and w ork load  c o r r e l a t e d  .97 
and .96 i n  two i n d i v i d u a l s .  L a t e r ,  E r ic k so n  and a s s o c i a t e s  (10) found 
a s im i l a r  c o r r e l a t i o n  fo r  i n d iv id u a l s  w ork ing  on a  t r e a d m i l l .  Wahlund 
(25) added su p p o r t  to  th e  th e o ry  t h a t  th e  h e a r t  r a t e  i s  ro u g h ly  a l i n e a r  
f u n c t io n  of oxygen in t a k e  and w o rk lo a d . His f i g u r e s  f o r  h e a r t  r a t e  were 
i n  l i n e  w i th  th o se  advanced by o th e r  i n v e s t i g a t o r s .  A s t r a n d ' s (2)
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f in d in g s ,  based  on h i s  I n v e s t i g a t i o n  o f  h e a r t  r a t e  and oxygen in ta k e  
w h ile  u s in g  112 fem ales  and 115 m a le s ,  ag reed  w i th  Wahlund. A strand  
expanded th e  th e o ry  to  say t h a t  th e  l i n e a r  r e l a t i o n s h i p  betw een h e a r t  
r a t e  and oxygen in ta k e  e x i s t e d  th ro u g h  th e  t o t a l  ra n g e  from minimum 
to  maximum w o rk lo a d s .
K nuttgen  (1 2 ) ,  conc ludes  from h i s  s tu d y  o f  oxygen u p tak e  and 
p u lse  r a t e ,  t h a t  k i n e t i c  energy  i s  th e  p redom inant f a c t o r  i n  ru n n in g .
A n e a r ly  r e c t i l i n e a r  r e l a t i o n s h i p  was o b ta in e d  be tw een  oxygen up take 
and v e l o c i t y  o f th e  ru n n e r .  The in c r e a s e  in  p u l s e  r a t e  was n e a r ly  
r e c t i l i n e a r l y  r e l a t e d  t o  t h a t  o f  oxygen u p ta k e .
The pace of th e  runs  has a d e c i s iv e  e f f e c t  on th e  number o f
h e a r t  b e a t s  p e r  m inute  ( N e t t ,  1 7 ) .  A l l - o u t  s p r i n t s  w i th  maximum
s p e e d - s t r e n g th  e x e r t i o n ,  w i l l  b r in g  about a r a t e  o f w e l l  o v e r  200
h e a r t  b e a t s  p e r  m in u te .  I t  has  been  d is c o v e re d  i n  s p o r t  m ed ic ine  
r e s e a rc h  t h a t  th e  qu ick  s t r o n g  s u f f u s io n  of th e  h e a r t  m uscle  a t  th e  
beg in n in g  of th e  "pause"  ( re c o v e ry  i n t e r v a l )  w i l l  n o t  occu r i f  the  
r a t e  o f th e  h e a r t  b e a t  i s  too  h ig h .  There i s  no b u i ld u p  o f  a s t r o n g  
b e a t  volume i f  th e  s t im u lu s  f o r  en la rg em en t o f  th e  h e a r t  m uscle i s  
la c k in g .  At th e  v e ry  h ig h  h e a r t  r a t e s ,  th e  h e a r t  does n o t c o m p le te ly  
f i l l  w i th  b lo o d ,  hence does n o t  r e c e iv e  ad equa te  s t im u lu s  f o r  e n l a r g e ­
m ent. I t  i s  th e  re c o v e ry  p e r io d  which i s  o f g r e a t e s t  im p o rtan ce  to  
th e  a d a p ta t io n .  The f i r s t  run  of th e  i n t e r v a l  t r a i n i n g  i s  a p r e p a r a ­
t i o n  f o r  th e  s t r o n g e r  s t im u lu s  o f th e  su c c e e d in g  r u n s .
I n t e r v a l  t r a i n i n g  i s  h e a r t  t r a i n i n g ,  a q u i t e  d e f i n i t e  k in d  of 
h e a r t  t r a i n i n g  i n  which t h e r e  i s  no com plete  r e c o v e ry ,  b u t  i n  which
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h e a r t  t r a i n i n g  ta k e s  p la c e  d u r in g  th e  re c o v e ry  i n t e r v a l  ( j o g g i n g ) - 
This  type  o f  t r a i n i n g  i s  a c o n s ta n t  a l t e r n a t i o n  betw een m ild  m e ta b o l ic  
e f f e c t s  d u r in g  th e  pace i n t e r v a l  and s t ro n g  h e a r t  ex p an s io n  d u r in g  th e  
reco v ery  i n t e r v a l .  However, th e  h e a r t  r a t e  must n o t  be fo rc e d  much 
above 180 b e a t s  p e r  m inu te  o r  th e  h e a r t  ex p an s io n  e f f e c t  w i l l  be 
le sse n e d  ( N e t t ,  17 ) .
C h r i s t e n s e n ,  Hedman, and S a l t i n  (5) s tu d i e d  th e  e f f e c t s  o f  
i n t e r m i t t e n t  and c o n tin u o u s  ru n n in g  on two w e l l - t r a i n e d  s u b j e c t s .  The 
s u b je c ts  were t e s t e d  on th e  t r e a d m i l l  a t  a speed o f  12 .4  m i le s  p e r  
hour and were a b le  to  c o n t in u e  f o r  t h i r t y  m in u te s , u s in g  th e  i n t e r v a l  
method, b u t  on ly  th r e e  to  fo u r  m inu tes  w h ile  ru n n in g  c o n t in u o u s ly .  At 
the  end o f  a c o n t in u o u s  runn ing  p e r i o d ,  th e  s u b je c t s  were co m p le te ly  
ex h au s ted  and needed a long  re c o v e ry  p e r io d .  The use  o f th e  i n t e r v a l  
type o f  t r a i n i n g  a llow ed th e  s u b je c t s  to  com plete  a t h i r t y  m inute  
p e r io d  o f  e x e r c i s e ,  tw enty  m in u tes  o f  ru n n in g  and te n  m in u tes  o f  r e s t ,  
w ith o u t  e x h a u s t io n .  The r e s e a r c h e r s  i n d i c a t e d  t h a t  th e  i n t e r v a l  t r a i n ­
ing  caused on ly  a s l i g h t  in c r e a s e  i n  l a c t i c  a c id  c o n c e n t r a t io n  of th e  
blood which in d i c a t e d  a lm ost t o t a l  a e ro b ic  work.
O zo lin  (19) s t a t e s  t h a t  s p e c i a l  endurance  f o r  d i s t a n c e  ru n n e rs  
i s  a c q u ire d  th ro u g h  th r e e  main m ethods: v a ry in g  p a c e ,  r e p e t i t i o n s ,  and
pace m ethods. The v a ry in g  pace  method ( i n t e r v a l  t r a i n i n g )  c o n s i s t s  of 
co n tinuous  a l t e r n a t i o n s  o f  s t r e t c h e s  o f f a s t e r  th a n  ra c e  pace w ith  
s t r e t c h e s  o f " a c t i v e  r e s t "  i n  form of s lo w er  movements. In  t h i s  type  
o f workout th e  oxygen d e b t  i s  r e p e a t e d ly  b u i l t  up and th e  o rgan ism  
becomes c a p a b le  of m a in ta in in g  a s t a b l e  c o n d i t i o n ,  and of hav in g  a
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low er oxygen d e b t  d u r in g  th e  r a c e .  For t r a i n i n g ,  th e  r e s t  i n t e r v a l s  
sh o u ld  be s h o r t ,  n o t  more th a n  one to  two tim es as long as th e  a t h l e t e ' s  
r a c in g  d i s t a n c e .
The I g l o i  system  of i n t e r v a l  t r a i n i n g  in t ro d u c e s  a s e r i e s  o f  
s h o r t ,  i n t e n s e  r e p e t i t i o n s  o f  ru n n in g ,  which produce a h ig h  oxygen d e b t .  
This oxygen d eb t  i s  r e p a id  d u r in g  the  reco v e ry  p e r io d s  betw een s e t s .
The a t h l e t e  u s in g  t h i s  method d ev e lo p s  th e  a b i l i t y  to  t o l e r a t e  g r e a t e r  
oxygen d e b t .  The ru n n in g  of th e s e  f a s t  s e r i e s ,  s h o r t  d i s t a n c e s  a t  
h ig h  sp e e d ,  e n a b le s  I g l o i ’s a t h l e t e s  to  ach iev e  e x c e l l e n t  c o m p e t i t iv e  
r e s u l t s  (Mulak, 1 5 ) .
As o f  now, p a r t i c i p a n t s  in  swimming, f o o t b a l l ,  w e i g h t l i f t i n g ,  
c y c l i n g ,  and o th e r  s p o r t s  a re  ta k in g  up i n t e r v a l  t r a i n i n g .  When i t  i s  
a q u e s t i o n  o f  s e a rc h in g  f o r  th e  r e a so n in g  which h as  le d  t o  t h i s  form 
o f  w o rk o u t,  one q u ic k ly  r e c a l l s  two d iv e r g e n t  o p in io n s .  One o p in io n  
s t a t e s  t h a t ,  w h a tev er  h i s  s p e c i a l t y ,  th e  ru n n e r  ought t o  t r a i n  h im s e l f  
to  co v er  s h o r t e r  d i s t a n c e s  a t  a speed  which he hopes to  r e a c h ,  b u t  which 
i s  f a s t e r  th a n  th e  speed  which he i s ,  as y e t ,  c a p a b le  o f  p ro d u c in g  on 
th e  r a c in g  t r a c k  a t  h i s  f u l l  ru n n in g  d i s t a n c e .  These ad v o c a te s  say 
t h a t  th e  on ly  way of r e s o lv in g  t h i s  problem  i s  to  run  a p a r t  o f  h i s  
r a c in g  d i s t a n c e  a t  th e  speed d e s i r e d  fo r  f i n a l  peak c o m p e t i t io n .  The 
r e s u l t  i s  an i n t e r v a l  w orkou t.  The second o p in io n  can be s t a t e d  l i k e  
t h i s :  i n  o rd e r  to  co v e r  a r a c in g  d i s t a n c e  e a s i l y  a t  an i n c r e a s i n g l y
f a s t e r  p a c e ,  th e  d i s t a n c e  sh o u ld  be covered  in  one c o n tin u o u s  ru n ,  and 
th e  a t h l e t e  ought to  ad o p t a slow rhythm a t  f i r s t ,  a rhythm  which i s  
e a sy  f o r  h i s  body to  m a in ta in .  However, t h i s  o l d e r  s t y l e  o f  co n tin u o u s
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ru n n in g  w i th  g r a d u a l ly  i n c r e a s i n g  speed  i s  b e in g  used l e s s  and l e s s  by 
modern t r a c k  a t h l e t e s .
M o lle t  ( 1 4 ) ,  p ro v id e s  a summary o f  th e  developm ent of an i n t e r ­
v a l  t r a i n i n g  program : (1) i t  i s  w ise  to  a l t e r n a t e  e f f o r t  w i th  r e s t ,
(2) th e  bod y ’ s a d a p ta t io n s  sh o u ld  be r e g u la r  and v e ry  g r a d u a l ,  and
(3) th e  a t h l e t e  im posing s t r e s s  upon h im s e l f  sh o u ld  ta k e  th e  p e r io d s  
fo l lo w in g  t e n s io n  w i th  r e c u p e r a t i o n .  The a t h l e t e ’s s p e c i f i c  t r a i n i n g  
fo rm ula  w i l l  emerge as he t r i e s  o u t  paces  and r e c o v e r i e s  which a t t a i n  
adequa te  h e a r t  r a t e s .  I n  s t a r t i n g  i n t e r v a l  t r a i n i n g ,  one must f in d  and 
apply  a v e r y  s im p le  fo rm u la  w e l l  s u i t e d  to  th e  d e s i r e d  g o a l and th en  
a d ju s t  i t  t o  h i s  i n d i v i d u a l  n e e d s .
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CHAPTER I I I  
PROCEDURE OF THE STUDY 
The S u b je c ts
T h i r t y  u n t r a in e d  male s tu d e n t s  e n r o l l e d  i n  a p h y s ic a l  c o n d i t io n ­
in g  a c t i v i t y  c l a s s  d u r in g  th e  1968 S pring  Q u a r te r  were used  as  s u b j e c t s .  
P r i o r  to  th e  s t a r t  o f  th e  i n v e s t i g a t i o n ,  th e  s u b je c t s  were g iv en  an 
e x p la n a t io n  of th e  i n t e r v a l  t r a i n i n g  method and i t s  p o t e n t i a l  f o r  
d ev e lo p in g  c a r d i o - r e s p i r a t o r y  e n d u ran ce .  In  a d d i t i o n ,  th e  s u b je c t s  
were o r i e n t e d  to  th e  p u rpose  and p ro c e d u re s  o f th e  s tu d y ,  th e  im p o rt­
ance o f  a t t e n d i n g  ev e ry  t r a i n i n g  p e r i o d ,  and th e  c o n t r o l  o f  c o n d i t io n ­
in g  a c t i v i t i e s  o u t s id e  o f  th e  s tu d y .  The p h y s ic a l  c h a r a c t e r i s t i c s  of 
th e  s u b j e c t s ,  rounded o f f  to  th e  n e a r e s t  whole number, a re  shown in  
T able  1 .
Equipment and A pparatus
Monark B ic y c le  Ergom eter
The "Monark" b i c y c l e  e rg o m ete r  of a f r i c t i o n  ty p e  was used  in  
th e  Astrand-Rhym ing t e s t  of p r e d i c t e d  oxygen u p ta k e .  T h is  e rgom eter  
has b een  so dev e lo p ed  t h a t  one com plete  t u r n  o f th e  p e d a ls  moves th e  
rim  of th e  wheel a d i s t a n c e  of s i x  m e te r s .  The r e s i s t a n c e  i s  caused  
by a m e c h a n ic a l ly  a d ju s t e d  f r i c t i o n  b e l t  ru n n in g  around th e  rim  o f th e  
w h e e l . The two ends o f  th e  b e l t  a r e O a t ta c h e d  to  a  r e v o lv in g  drum to  
which a pendulum i s  a t t a c h e d .  This  pendulum d e v ic e  i s  used  as a s c a l e  
f o r  m easu ring  th e  d eg ree  o f  r e s i s t a n c e  which i s  a p p l ie d  by th e  b e l t .
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TABLE I
PHYSICAL CHARACTERISTICS OF THE SUBJECTS
SUBJECTS
HEIGHT IN 
INCHES
WEIGHT IN 
POUNDS
AGE IN 
YEARS
V.A. 69 147 20
G.A. 66 154 20
J.B. 69 130 19
J .B . 71 164 23
S.B. 69 188 21
P.B. 64 143 25
B.C. 69 175 20
R.C. 72 166 20
B.C. 73 158 19
G.C. 71 176 20
R.D. 71 143 19
T.D. 70 189 32
T.E. 72 198 19
M.F. 69 220 20
W.G. 69 176 19
B.C. 67 152 18
J.H. 73 167 19
L.H. 69 170 18
R.H. 70 175 19
F . J . 67 140 20
K.K. 69 152 20
S.M. 64 153 19
J . P . 66 162 21
J . S . 70 159 21
R.S . 70 170 22
T .S . 71 185 28
P.V. 67 161 19
J.W. 75 174 19
w.w. 71 154 18
D.W. 73 174 19
MEANS 70 167 21
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A wheel  a t t a c h e d  t o  th e  drum i s  used t o  a d j u s t  th e  t e n s i o n  on 
th e  b e l t ,  and th e  r e s i s t a n c e  o f  the  b e l t  i s  r ec o rd e d  on a s c a l e  g radu­
a t e d  i n  k i l o p o n d s . The b r a k in g  power (kp) i s  s e t  by a d ju s tm en t  of the 
b e l t  t e n s i o n ,  and when m u l t i p l i e d  by the  d i s t a n c e  p e d a l l e d ,  g iv e s  the 
amount of  work i n  k i l o p o n d  m e te r s  (See F ig u re  1 ) .
Exper im en ta l  Design
The t h i r t y  male s u b j e c t s  chosen f o r  t h i s  s tu d y  were d iv id e d  
i n t o  t h r e e  e q u a l  groups of t e n  e a c h ,  by use  o f  a t a b l e  of  random numbers.  
An "F" r a t i o  o f  th e  t h r e e  groups was computed, and no s i g n i f i c a n t  d i f f e r ­
ence was found i n  th e  means o f  t h e  group on th e  p r e - t e s t  s c o re s  (See 
Table  IV ) .  These groups were t h e n  l a b e l e d  as Group I ,  Group I I ,  and 
Group I I I .
The c o m p e t i t i v e  d i s t a n c e  chosen f o r  th e  I n t e r v a l  t r a i n i n g  
program was th e  600 y a rd  r u n .  This  d i s t a n c e  has  been  found by Lewis 
(13) and o t h e r s  t o  be the  most a c c u r a t e  measure  o f  c a r d i o - r e s p i r a t o r y  
endurance i n  an a l l  o u t  e f f o r t .  An i n i t i a l  t r i a l  was g iv e n  t o  a l l  
s u b j e c t s  p r i o r  t o  any t r a i n i n g .  The pace of t h i s  run was used  to  
e s t a b l i s h  th e  r a t e  a t  which each group r an  th e  i n t e r v a l  workload which 
was d iv id e d  i n t o  i n t e r v a l  d i s t a n c e s  of  200 y a r d s .
The t r a i n i n g  programs were:  (1) tw ice  th e  c o m p e t i t i v e  d i s t a n c e ,
(2) t h r e e  t im es  t h e  c o m p e t i t i v e  d i s t a n c e ,  and (3) two and t h r e e  t im es  
t h e  c o m p e t i t i v e  d i s t a n c e .  Each d a y ' s  t o t a l  workout in c lu d e d  a v igo rous  
run  of  an i n t e r v a l  d i s t a n c e  fo l lo w e d  im m edia te ly  by jo g g in g  a r eco v e ry  
i n t e r v a l ,  and th en  a n o t h e r  i n t e r v a l  run u n t i l  t h e  a s s ig n e d  work load  fo r  
t h e  day had  been  com ple ted .
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The re c o v e ry  I n t e r v a l  d i s t a n c e  dec rea se d  th e  f i r s t  t h r e e  weeks. 
The f i r s t  w e ek ' s  r e c o v e ry  was eq u a l  t o  th e  i n t e r v a l  d i s t a n c e  run  or  200 
y a r d s .  The second w eek 's  r e c o v e ry  i n t e r v a l  was o n e - h a l f  th e  i n t e r v a l  
d i s t a n c e  o r  100 y a r d s .  The t h i r d  and f o u r t h  w eeks '  r e c o v e ry  i n t e r v a l  
was o n e - q u a r t e r  th e  i n t e r v a l  d i s t a n c e  o r  f i f t y  y a r d s .  The Monday, 
Wednesday, and F r id a y  t r a i n i n g  program f o r  th e se  groups was t h e  a s s ig n e d  
c o n t i n u i t y  of  i n t e r v a l  d i s t a n c e  runs and r eco v e ry  i n t e r v a l s  o f  jo g g in g .
Group I  p a r t i c i p a t e d  i n  a t r a i n i n g  program of  tw ice  the  com­
p e t i t i v e  d i s t a n c e  o r  1200 y a r d s .  This  group ran  s i x  200 y a rd  i n t e r v a l  
runs  Monday, Wednesday, and F r id a y ,  f o r  a p e r io d  o f  fo u r  weeks ,  w i th  an 
average  pace  t ime of  35 seconds f o r  th e  i n t e r v a l  d i s t a n c e ;  however,  t h e  
time f o r  t h e  r e c o v e ry  i n t e r v a l  v a r i e d .  The r eco v e ry  i n t e r v a l  a f t e r  
each  run  f o r  th e  f i r s t  week c o n s i s t e d  of  jo g g in g  200 y a r d s ,  o r  a running-  
jogg ing  t o t a l  o f  2400 y a r d s .  The reco v e ry  i n t e r v a l  of  jo g g in g  fo r  the  
second week was 100 y a rd s  f o r  a r u n n in g - jo g g in g  t o t a l  of  1800 y a r d s .
The t h i r d  and f o u r t h  w eeks '  r e co v e ry  i n t e r v a l  o f  j o g g in g  was f i f t y  
y a r d s ,  f o r  a r u n n in g - jo g g in g  t o t a l  of 1500 y a rd s  (Table  I I ) .
The t r a i n i n g  program f o r  Group I I  was t h r e e  t imes t h e  compet i­
t i v e  d i s t a n c e  o r  1800 y a r d s .  This  group ran  n in e  200 y a rd  i n t e r v a l  
runs  Monday, Wednesday, and F r id a y  f o r  f o u r  weeks a t  an a v e rag e  pace  
time o f  35 seconds  f o r  t h e  i n t e r v a l  d i s t a n c e .  The rec o v e ry  i n t e r v a l  
between i n t e r v a l  runs  f o r  t h e . f i r s t  week was 200 ya rds  o f  j o g g in g  f o r  
a r u n n in g - j o g g i n g  t o t a l  o f  3600 y a r d s .  The second week’ s recove ry  
i n t e r v a l  o f  j o g g in g  was 100 y a r d s ,  f o r  a r u n n in g - j o g g i n g  t o t a l  of 2700 
y a r d s .  The r e c o v e ry  i n t e r v a l  o f  jo g g in g  f o r  t h e  t h i r d  and f o u r t h
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TABLE I I
WEEKLY TRAINING SCHEDULE
WEEK
INTERVAL DISTANCE 
RUNNING
RECOVERY DISTANCE 
JOGGING
Group I  *
F i r s t  Week 6 X 200 yds . 6 X 200 y d s .
Second Week 6 X 200 y d s . 6 X 100 yds .
Th i rd  Week 6 X 200 yds . 6 X 50 y d s .
F o u r th  Week 6 X 200 yds . 6 X 50 y d s .
Group I I  *
F i r s t  Week 9 X 200 yds . 9 X 200 y d s .
Second Week 9 X 200 yds . 9 X 100 y d s .
Th ird  Week 9 X 200 y d s . 9 X 50 y d s .
F o u r th  Week 9 X 200 y d s . 9 X 50 y d s .
Group I I I  *
F i r s t  Week 6 X 200 y d s . 6 X 200 y d s .
Second Week 9 X 200 y d s . 9 X 100 yds .
T h i rd  Week 6 X 200 yds . 6 X 50 y d s .
F o u r th  Week 9 X 200 yds . 9 X 50 y d s .
*This i s  th e  Monday, Wednesday, and F r id a y  t r a i n i n g  s chedu le  
f o r  each  week.
weeks* was f i f t y  y a rd s  o f  j o g g i n g ,  f o r  th e  r u n n in g - jo g g in g  t o t a l  of 
2250 y a rd s  (T ab le  IX).
Group I I I  fo l low ed  Bowerman*s program of  twice  and t h r e e  times 
th e  c o m p e t i t i v e  d i s t a n c e .  In  t h e  f i r s t  and t h i r d  weeks, t h i s  group ra n  
tw ice  t h e  c o m p e t i t i v e  d i s t a n c e  o r  s i x  200 ya rd  i n t e r v a l s .  The second 
and f o u r t h  w eeks '  t r a i n i n g  c o n s i s t e d  o f  t h r e e  t im es  th e  c o m p e t i t i v e  
d i s t a n c e  o r  n i n e  200 y a rd  i n t e r v a l s .  E s s e n t i a l l y  Group I I I  used a
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com bina t ion  o f  t h e  t r a i n i n g  programs of  Group I  and Group I I .  A l l  of  
t h e s e  runs  were a t  an average  pace time of  35 seconds f o r  the  i n t e r v a l  
d i s t a n c e .  The r e c o v e ry  i n t e r v a l  of jo g g in g  fo r  th e  f i r s t  week was 200 
y a r d s ,  f o r  a r u n n in g - jo g g in g  t o t a l  o f  2400 y a r d s .  The r eco v e ry  i n t e r ­
v a l  o f  j o g g in g  f o r  th e  second week was 100 y a r d s ,  f o r  a r u n n in g - jo g g in g  
t o t a l  of  2700 y a r d s .  The t h i r d  w eek 's  r eco v e ry  i n t e r v a l  of jo g g in g  was 
f i f t y  y a r d s ,  f o r  a r u n n in g - jo g g in g  t o t a l  of  1500 y a r d s .  The fo u r th  
w eek 's  r e c o v e ry  i n t e r v a l  of  jo g g in g  was f i f t y  y a r d s ,  f o r  a ru n n in g -  
jogg ing  t o t a l  o f  2250 y a rd s  (Table  I I ) .
At each workout  th e  s u b j e c t s  d r e s s e d  and th e n  r e p o r t e d  t o  the  
t r a c k  f o r  th e  t r a i n i n g  p e r i o d .  The th r e e  groups r a n  th e  I n t e r v a l  
d i s t a n c e s  and jogged  th e  rec o v e ry  i n t e r v a l s  t o g e t h e r  u n t i l  each group 
had comple ted  th e  p r e s c r i b e d  t r a i n i n g  schedu le  f o r  th e  day .  The fo l lo w ­
ing  i s  a sample of  th e  d a i l y  t r a i n i n g  p e r i o d  f o r  the  s u b j e c t s .  When the  
s u b j e c t s  a r r i v e d  a t  t h e  t r a c k  they  were g iven  i n s t r u c t i o n s  concern ing  
th e  d a y ' s  t r a i n i n g  program. They then  r e p o r t e d  t o  t h e  s t a r t i n g  p o i n t  on 
the  t r a c k .  When a l l  th e  s u b j e c t s  had a r r i v e d ,  a s t a r t i n g  s i g n a l  was 
g iven and they  began th e  i n t e r v a l  r u n .  A s to p  watch was s t a r t e d  a t  the  
b e g in n in g  o f  th e  i n t e r v a l  run and t h e  e l a p s e d  t ime was c o n t in u o u s ly  
announced to  t h e  s u b j e c t s  to  a i d  them in  m a in t a i n i n g  a pace  of  a p p ro x i ­
m a te ly  35 seconds  f o r  t h e  200 y a rd  i n t e r v a l  d i s t a n c e .  When th e  s u b j e c t s  
had comple ted  th e  i n t e r v a l  r u n ,  they  c o n t in u ed  w i th  t h e  jo g g in g  u n t i l  
th e y  had covered  th e  p r e s c r i b e d  r e c o v e ry  i n t e r v a l .  Upon com ple t ion  of 
th e  j o g g in g  i n t e r v a l ,  t h e  s u b j e c t s  im m edia te ly  s t a r t e d  a n o th e r  i n t e r v a l  
r u n .  When th e  i n d i v i d u a l s  i n  each  group had completed t h e i r  t r a i n i n g  
s c h e d u le  f o r  t h e  d a y ,  th ey  r e t u r n e d  t o  t h e  d r e s s i n g  room.
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T e s t i n g  P e r io d
To d e te rm in e  th e  e f f e c t s  of  th e  t r a i n i n g  methods,  th e  A s t ran d -  
Rhyming Nomogram was a d m in i s t e r e d  as a p r e -  and p o s t - t e s t  measure of 
a e r o b i c  c a p a c i t y .  I n  A s t ran d  and Rhyming's s tu d y  (1) o f  f i f t y  men and 
s i x t y - t w o  women, i t  was found t h a t  th e  oxygen i n t a k e  d u r in g  work could  
be c a l c u l a t e d  from the  workload w i t h i n  a range  o f  t  10 .4  p e r c e n t  a t  a 
workload o f  900 k i lo g ra m  m e te rs  p e r  m in u te .  This  ag rees  w i th  d e V r i e s ’ 
s tu d y  (8) i n  t h a t  he found a c o r r e l a t i o n  of  0 .74  between maximal 0 .  
consumption by th e  Astrand-Rhyming method and maximal 0^ consumption 
i n  h i s  l a b o r a t o r y .  The d i f f e r e n c e  amounts t o  an e r r o r  i n  p r e d i c t i o n  
of  i  9 . 3  p e r c e n t .  The t e s t  r e t e s t  r e l i a b i l i t y  o f  th e  Astrand-Rhyming 
Nomogram i s  r e p o r t e d  t o  be good. T e r a s l i n n a ,  al_., (24) found a 
c o r r e l a t i o n  o f  .69 between th e  t e s t  r e t e s t  r e l i a b i l i t y  of  th e  Nomogram, 
Support  i s  l e n t  t o  t h e s e  f i n d in g s  by a s tudy  by Day (6) who r e p o r t e d  
a c o r r e l a t i o n  of  .795,
The t e s t i n g  was conducted  d u r in g  the  S p r ing  Q u a r t e r ,  1968, 
i n  th e  Human Performance  L a b o ra to ry  a t  th e  U n i v e r s i t y  of  Montana.
The s u b j e c t s  were f i r s t  o r i e n t e d  t o  th e  complete s tudy  and t h e i r  p a r ­
t i c i p a t i o n  r e q u e s t e d .  They were i n t ro d u c e d  to  th e  f a c t o r s  which 
might  a f f e c t  t h e  r e s u l t s  o f  t h e i r  t e s t s ,  such as f a i l u r e  t o  g e t  a good 
n i g h t ’ s r e s t  b e f o r e  t h e  d a t e s  of  th e  t e s t i n g ,  and were r e q u e s te d  n o t  
t o  smoke f o r  a t  l e a s t  t h i r t y  m inu tes  b e f o re  b e in g  t e s t e d .
The t e s t s  were g iv en  i n  th e  morning h ours  between 7 a.m. and 
12 a .m.  The p r e - t e s t s  were g iv e n  b e f o r e  th e  t r a i n i n g  s e s s i o n s  began.  
The s u b j e c t s  were t e s t e d  a t  a p p ro x im a te ly  th e  same time of  day each
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t e s t i n g  p e r i o d .  A l l  s u b j e c t s  were p r e - t r a i n e d  i n  th e  r i d i n g  of  the  
b i c y c l e  e rg o m e te r  and i n  t h e  mechanics  o f  th e  Astrand-Rhyming T e s t .
A l l  s u b j e c t s  took the  t e s t  a t  l e a s t  once p r i o r  t o  th e  t e s t i n g  
p e r i o d  i n  an a t t e m p t  t o  f a m i l i a r i z e  them w i th  th e  p ro ced u res  and l e s s e n  
a n t i c i p a t o r y  h e a r t  r a t e  changes .
At each  t e s t i n g  p e r io d  th e  s u b j e c t  a r r i v e d  a t  th e  Human Per ­
formance L a b o ra to r y  b e f o r e  h i s  t e s t .  Upon a r r i v a l  h i s  w eigh t  and 
h e i g h t  measurements  were t a k e n .  A f t e r  measurement the  s u b j e c t  r e s t e d  
i n  a s u p in e  p o s i t i o n  fo r  t en  minutes  p r i o r  t o  t a k i n g  a r e s t i n g  h e a r t  
r a t e .  He th e n  mounted t h e  b i c y c l e  e rgom ete r  and began t o  e x e r c i s e  a t  
a r e g u l a r  rhythm o f  f i f t y  r e v o l u t i o n s  p e r  m in u te ,  a t  a r e s i s t a n c e  of 
2 k p . A metronome was p lac ed  i n  f r o n t  of t h e  e rgom ete r  t o  h e lp  the  
s u b j e c t  m a i n t a i n  a s t e a d y  p a c e .  The s u b j e c t ' s  h e a r t  r a t e  was taken  
w i th  a s t e t h o s c o p e  p l a c e d  a t  h i s  s te rnum . The h e a r t  r a t e  was taken  
d u r in g  th e  l a s t  f i f t e e n  seconds of  each m in u te .  Data  were reco rded  
f o r  each  m inute  o f  th e  s i x  m inute  t e s t  (See Appendix A f o r  r e c o rd in g  
d a t a  s h e e t ) .
S t a t i s t i c a l  Trea tment
I n  a n a l y s i s  of th e  p r e -  and p o s t - t e s t  d a t a  a ' V '  t e s t  was used  
to  d e te rm in e  th e  s i g n i f i c a n c e  o f  change w i t h i n  each  group .  The a n a l y s i s  
o f  v a r i a n c e  was used  t o  a n a ly ze  th e  changes between t h e  g r o u p s . The 
s i g n i f i c a n c e  l e v e l  used i n  b o th  s t a t i s t i c a l  methods was .05.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS 
I n t r o d u c t i o n
The f o l lo w in g  c h a p t e r  p r e s e n t s  an a n a l y s i s  and d i s c u s s i o n  of 
the  r e s u l t s  o b t a in e d  on th e  p r e - t e s t  and p o s t - t e s t  o f  I n d iv i d u a l s  
t r a i n i n g  under  t h r e e  d i f f e r e n t  i n t e r v a l  t r a i n i n g  programs.  The s tudy 
was concerned  w i t h  th e  r e s p e c t i v e  e f f e c t s  of  t h e s e  programs on c a r d i o ­
r e s p i r a t o r y  en d u ra n c e .  More s p e c i f i c a l l y ,  the  w r i t e r  was I n t e r e s t e d  
i n  which type  o f  program o f f e r e d  the  g r e a t e s t  development of  c a r d i o ­
r e s p i r a t o r y  en d u ran ce .
A n a ly s is  o f  R e s u l t s
The raw d a t a  can be c l a s s i f i e d  as t o  l e v e l  of  oxygen uptake  
c a p a c i t y  o r  c o n d i t i o n  l e v e l  by A s t r a n d ' s  t a b l e s  ( 3 ) .  The m i l l i l i t e r  
o f  oxygen p e r  k i l o g ra m  of  body w e igh t  p e r  minute  i s  th e  measure of  the  
l e v e l  o f  f i t n e s s  o r  a b i l i t y  t o  work,  used  in  A s t r a n d ' s  f i t n e s s  c l a s s i ­
f i c a t i o n .  The maximal oxygen up tak e  c a p a c i t y  i s  d e r iv e d  from the  
h e a r t  r a t e  a t  a g iven  w ork load .  Exampler s u b j e c t  J . S . ,  working a t  
900 kpm/min. ,  has  an average  h e a r t  r a t e  f o r  th e  f i f t h  and s i x t h  minute  
of e x e r c i s e  of  136 b e a t s  p e r  m in u te .  The nomogram e s t a b l i s h e s  h i s  
Oxygen u p tak e  c a p a c i t y  a t  3 .8  l i t e r s  of oxygen p e r  m in u te .  This  i s  
th en  c o r r e c t e d  f o r  th e  age o f  t h e  s u b j e c t .  S u b je c t  J . S .  i s  twenty-one  
y e a r s  o f  ag e ,  and a cc o rd in g  t o  t a b l e s  in c lu d e d  w i th  th e  nomogram, the  
c o r r e c t i o n  f a c t o r  f o r  age f i f t e e n  t o  t w e n t y - f i v e  i s  1 .1 0 .  This  g ives
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an oxygen uptake co rrected  to  be (3 .8  x 1 .10  = 4 .1 8 ) 4 .18  l i t e r s  o f
oxygen p e r  m in u te .  The maximum oxygen uptake  c a p a c i t y  p e r  k i l o  body 
w eigh t  i s  th e n  i n t e r p r e t e d  from the  nomogram. S u b je c t  J . S .  had a body 
w e igh t  of 71 kg o r  a maximal oxygen up take  c a p a c i t y  of 58 m i l l i l i t e r s  
p e r  k i l o g ra m  p e r  m in u te .
The c l a s s i f i c a t i o n  of f i t n e s s  or  a b i l i t y  to  do work, accord ing  
to  t h i s  maximum oxygen uptake c a p a c i t y  s c o r e ,  i s  then  i n t e r p r e t e d  from 
t a b l e s  i n c lu d e d  w i th  th e  nomogram. At age 21, s u b j e c t  J . S . ,  w i th  a 
maximal oxygen up take  c a p a c i t y  of  58 m i l l i l i t e r s  p e r  k i lo g ram  p e r  min­
u t e ,  would be r a t e d  v e ry  h igh  in  f i t n e s s  o r  a b i l i t y  to  do work.  The 
p r e -  and p o s t - t e s t  d a t a  i s  p r e s e n t e d  i n  Table  IV.
The a n a l y s i s  o f  v a r i a n c e  performed on th e  p r e - t e s t  d a t a  showed 
no s i g n i f i c a n t  d i f f e r e n c e  among the  groups (Table  I I I ) ,  as th e  "F" 
r a t i o  was no t  s i g n i f i c a n t .  This f in d in g  would i n d i c a t e  t h a t  any d i f f e r ­
ence i n  t h e  p o s t - t e s t  cou ld  be a t t r i b u t e d  t o  the  t r a i n i n g  program. S t a ­
t i s t i c a l  com puta t ion  of the  p r e - t e s t  "F" r a t i o  appears  i n  Appendix I I .
TABLE I I I
PRE-TEST ANALYSIS OF VARIANCE
SOURCE OF DEGREES OF SUM OF MEAN OF "F" RATIO
VARIATION FREEDOM SQUARES SQUARES
"Between S qua res" 2 197.6 9 8 .8
"W ith in  Squares" 27 1636.6 60.6 1.63  *
T o t a l 29 1834.2
* Not s i g n i f i c a n t  a t  .05 l e v e l .
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SUBJECT PRE-TEST POST-TEST
m l/kg F i t n e s s  Level ml/kg F i t n e s s  Level
Group I
J .S . 49 average 58 v e ry  h igh
P .B . 51 average 54 h igh
J . B . 43 some what low 50 average
G.A. 47 average 50 average
T .S . 32 low 38 low
S .B . 36 low 41 some what low
J .H . 70 v e ry  high 71 v e ry  h igh
D.W. 40 some what low 44 average
S.M. 44 average 49 average
J .P . 45 average 50 average
MEANS 46 average 51 average
Group I I
T .E . 39 some what low 46 average
R.H. 39 some what low 53 h igh
D.G. 43 some what low 44 average
V.A. 52 h igh 58 v e ry  h igh
W.W. 44 average 46 average
D.G. 40 some what low 45 average
R.D. 48 average 55 h igh
R .S . 48 average 52 high
E.C. 44 average 48 average
J .B . 51 average 54 h igh
MEANS 45 average 50 average
Group I I I
J.W. 49 average 53 h igh
T.D. 31 low 33 low
W.G. 39 some what low 39 some what low
L.H. 35 low 40 some what low
G.C. 38 low 41 some what low
J .G . 42 some what low 44 average
K.K. 49 average 57 very  high
P.V. 45 average 51 average
M.F. 31 low 36 low
R.C. 39 some what low 47 average
MEANS 40 some what low 44 average
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A n a ly s i s  o f  v a r i a n c e  on th e  p o s t - t e s t  d a t a  showed no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  groups (Table  V) .  The "F" r a t i o  was not  s i g n i f i c a n t  
a t  t h e  .05 l e v e l  o f  c o n f id e n c e .  This  f i n d i n g  would i n d i c a t e  t h a t  t h e r e  
was no s i g n i f i c a n t  d i f f e r e n c e  i n  c a r d i o - r e s p i r a t o r y  endurance between 
th e  groups a f t e r  th e  t r a i n i n g  p e r i o d .  The s t a t i s t i c a l  com puta t ion  i s  
shown i n  Appendix I I I .
TABLE V
POST-TEST ANALYSIS OF VARIANCE
SOURCE OF 
VARIATION
DEGREES OF SUM OF 
FREEDOM SQUARES
MEAN OF
SQUARES
"F"RATIG
"Between S quares"  
"Within  S quares"  
T o t a l
2 301.1 
27 1786.3 
29 2087.4
150.6
66 .2 2.27 *
* Not s i g n i f i c a n t  a t  .05 l e v e l .
The p r e -  and p o s t - t e s t  means of  each group were t e s t e d  f o r  
s i g n i f i c a n c e  by a "_t" t e s t .  I t  was found t h a t  th e  changes  between p r e -  
and p o s t - t e s t  means,  I n  each  group was s i g n i f i c a n t  a t  t h e  .001 l e v e l  of  
c o n f i d e n c e .
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D is c u s s io n
The r e s u l t s  o f  t h i s  s tu d y  would i n d i c a t e  t h a t  th e  t h r e e  types  
of i n t e r v a l  t r a i n i n g :  tw ice  the  c o m p e t i t iv e  d i s t a n c e ,  t h r e e  times the
c o m p e t i t i v e  d i s t a n c e ,  or  a com bina t ion  of two and th r e e  t imes the  
c o m p e t i t i v e  d i s t a n c e ,  du r in g  a f o u r  week p e r i o d ,  would cause no s i g ­
n i f i c a n t  d i f f e r e n c e  i n  th e  amount of change of c a r d i o - r e s p i r a t o r y  
e n d u r a n c e .
From th e  p r e - t e s t  t o  t h e  p o s t - t e s t  r e s u l t s  t h e r e  was a s i g ­
n i f i c a n t  improvement i n  each of th e  groups , This  would i n d i c a t e  t h a t  
any of  th e  t h r e e  ty p es  o f  t r a i n i n g  would cause a change i n  th e  l e v e l  of  
f i t n e s s ,  though no one type  of  t r a i n i n g  would be s i g n i f i c a n t l y  b e t t e r  
than  th e  o t h e r s .
T h is  s tu d y  was s h o r t ,  and i f  the  t r a i n i n g  could  have been 
ex tended  f o r  a lo n g e r  p e r i o d  o f  t ime or  a l a r g e r  number of  s u b j e c t s  
in v o lv ed  i n  t h e  s tu d y ,  s i g n i f i c a n t  changes might  have o c c u r re d  between 
th e  g roups .
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary
The pu rpose  o f  t h i s  s tu d y  was t o  d e te rm ine  th e  changes i n  
c a r d i o - r e s p i r a t o r y  endurance  when u s in g  an i n t e r v a l  t r a i n i n g  program of 
twice  th e  c o m p e t i t i v e  d i s t a n c e ,  t h r e e  times the  c o m p e t i t iv e  d i s t a n c e ,  o r  
th e  Bowerman sys tem  of  a l t e r n a t i n g  each week between th e  work program 
of  two and t h r e e  t im es  th e  c o m p e t i t iv e  d i s t a n c e .
The s u b j e c t s  were t h i r t y  male s tu d e n t s  e n r o l l e d  i n  a p h y s i c a l  
c o n d i t i o n i n g  a c t i v i t y  c l a s s  d u r in g  the  Spr ing  Q u a r te r  of 1968. They 
were d iv id e d  i n t o  t h r e e  groups by a t a b l e  of  random numbers.  A one­
way a n a l y s i s  of v a r i a n c e  was run on th e  p r e - t e s t  o f  the  groups and the  
"F" r a t i o  i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e .  Each group was randomly 
a s s ig n e d  to  one type  of  i n t e r v a l  t r a i n i n g .
The Astrand-Rhyming Nomogram was s e l e c t e d  as th e  t e s t  of 
a e r o b i c  c a p a c i t y .  A s t a n d a r d  workload of 900 kp was g iven  on the  
b i c y c l e  e rg o m ete r  f o r  t h e  s i x  m inute  t e s t .  The ave rage  h e a r t  r a t e  was 
taken  fo r  the  f i f t h  and s i x t h  m inute  of the  t e s t .  The average h e a r t  
^a te  was computed th rough  th e  Nomogram to  g ive  th e  p r e d i c t e d  maximal 
oxygen u p ta k e  p e r  k i lo g ra m  of  body w e igh t  and th e  f i t n e s s  l e v e l  or 
a b i l i t y  t o  do work.
The s u b j e c t s  were t r a i n e d  Monday, Wednesday, and F r id a y  f o r  a 
fo u r  week p e r i o d .  A l l  v a r i a b l e s  i n  th e  i n t e r v a l  t r a i n i n g  programs of 
th e  t h r e e  groups remained c o n s t a n t  th ro u g h o u t  th e  t r a i n i n g  p e r io d
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ex cep t  f o r  th e  number o f  t imes th e  c o m p e t i t iv e  d i s t a n c e  was run .
Group I  r a n  tw ice  th e  c o m p e t i t iv e  d i s t a n c e - r u n .  Group I I  ran  th r e e  
times th e  c o m p e t i t i v e  d i s t a n c e - r u n .  Group I I I  r a n  an i n t e r v a l  program 
s u g g es ted  by Bowerman of  a l t e r n a t i n g  each week between two and t h r e e  
t imes t h e  c o m p e t i t i v e  d i s t a n c e - r u n .
The p r e -  and p o s t - t e s t  means were t e s t e d  f o r  each group by use 
of  a "jt" t e s t .  I t  was found t h a t  th e  changes between th e  p r e -  and p o s t ­
t e s t  means, i n  each group ,  was s i g n i f i c a n t  a t  th e  .001 l e v e l  of c o n f i ­
dence .  A one-way a n a l y s i s  of v a r i a n c e  was ru n  on th e  p o s t - t e s t  d a t a .
The "F" r a t i o  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between 
th e  groups a f t e r  th e  t r a i n i n g  p e r i o d .
Conclus ions
The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e d  t h a t  t h e r e  was no d i f f e r ­
ence i n  th e  development o f  c a r d i o - r e s p i r a t o r y  endurance  when u s in g  a 
fo u r  week i n t e r v a l  t r a i n i n g  program of twice  the  c o m p e t i t i v e  d i s t a n c e ,  
t h r e e  t imes th e  c o m p e t i t i v e  d i s t a n c e ,  o r  the  Bowerman system of  a l t e r ­
n a t i n g  each week between two and t h r e e  times  the  c o m p e t i t i v e  d i s t a n c e .
Recommendations
1 .  I n  view of  the  n u m er ic a l  improvement i n  a l l  b u t  one i n d i ­
v i d u a l  i n  th e  t h r e e  groups i t  would be p r o f i t a b l e  to
p u r su e  th e  r e s e a r c h  f u r t h e r .
2.  The s tu d y  should  be r e p e a t e d  u s in g  l a r g e r  groups and a 
lo n g e r  p e r i o d  of  t r a i n i n g .
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3. I n  f u t u r e  s t u d i e s  th e  maximum oxygen up take  should  be 
measured by more than  one i n s t r u m e n t .
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APPENDIX A
DATA SHEET
NAME: DATE:
HEIGHT : WEIGHT: lbs  . k g s .
AGE; WEIGHT: l b s . k g s .
TIMED 600 yd . RUN:
TEST 1 TEST 2 DIFFERENCE
ROOM TEMPERATURE
WORKLOAD kpm/min.
RESTING PULSE RATE
I MINUTE PULSE RATE
2 MINUTE PULSE RATE
3 MINUTE PULSE RATE
4 MINUTE PULSE RATE
5 MINUTE PULSE RATE
6 MINUTE PULSE RATE
5 & 6 MINUTE AVERAGE PULSE RATE
MAXIMAL OXYGEN UPTAKE
l i c e r s / m i n .
CORRECTED MAXIMAL OXYGEN UPTAKE 
l l t e r s / m i n .
MAXIMUM OXYGEN UPTAKE ml/kg
FITNESS LEVEL
REMARKS:
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APPENDIX B
PRE-TEST ANALYSIS OF RAW DATA
GROUP GROUP 
I I I
GROUP
I I I
GROUP
l2
GROUP
I l 2
GROUP
I I l 2
49 39 49 2401 1521 2401
51 39 31 2601 1521 961
43 43 39 1849 1849 1521
47 52 35 2209 2704 1225
32 44 38 1024 1936 1444
36 40 42 1296 1600 1764
70 48 49 4900 2304 2401
40 48 45 1600 2304 2025
44 44 31 1936 1936 961
45 51 39 2025 2601 1521
EX = 456 448 396 ZX̂  = 21481 20276 16224
X = 45.6  44. 8 39.6
X = 4 3 .4
The T o t a l  Sum o f  Squares The "Between" Sum of Squares
= ZX̂  - Zx  ̂ =
„ n t
Zx  ̂ = 1834.2 Zx2 = 197.6
The "W ith in"  Sum of Squares Summing f o r  A l l  Three  Groups
Zx  ̂ = ZX̂  - n
- 2 
I X  = 1636.6
Zx^ ( f o r  Group I ) -  1047.4
Zx^ ( f o r  Group I I ) -  205 .6
Zx ( f o r  Group I I I ) = 383.6
SOURCE OF DEGREES OF SUM OF MEAN OF "F" RATIO
VARIATION FREEDOM SQUARES SQUARES
"Between Squares" 2 197.6 98 .8
"W ith in  S q u a re s ” 27 1636.6 60 .6 1.63
T o t a l 29 1834.2
mean s q u a re  f o r "between" groups
F =
mean s q u a re  f o r  ’’w i t h i n "  groups 
1.63
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A P PE N D IX  C
POST-TEST ANALYSIS OF RAW DATA
GROUP GROUP 
I  I I
GROUP
I I I
GROUP
l 2
GROUP
I l 2
GROUP
I I l 2
58 46 
50 44 
54 53 
50 68 
38 46 
41 45 
71 55 
44 52
49 48
50 54
53
39 
33
40
41 
44 
57 
51 
36 
47
3364
2500
2916
2500
1444
1681
5041
1936
2401
2500
2116
1936
2809
4624
2116
2025
3025
2704
2304
2916
2809
1521
1089
1600
1681
1936
3249
2601
1296
2209
ZX = 505 511
_X = 50.5  51.
X = 48 .6  
t
441 
1 44.1
ZX^ = 26283 26575 19991
The T o ta l  Sum o f  Squares The " Between" Sum of  Squares
Zx = ZX -  (%%)_
2 ^
Zx = 2087 .4
Zx^ = 
Zx^ =
— — 2 
Z(X -  X ) n
301.1
The "W ith in"  Sum of Squares Summing f o r  A l l  Three Groups
n
- 2 Zx = 1786.3
2
Zx- ( f o r  Group I )  
Zx- ( f o r  Group I I )  
Zx ( f o r  Group I I I )
= 780.5 
-  462.9  
= 542.9
SOURCE OF
VARIATION
DEGREES OF 
FREEDOM
SUM OF 
SQUARES
MEAN OF 
SQUARES
"F" RATIO
"Between S qua res"  
"W ith in  S qua res"  
T o t a l
2
27
29
301.1
1786.3
2087.4
150.6
66.2 2 .27
mean s q u a re  f o r "between" groups
F =
mean s q u a re  f o r  " w i t h i n ” groups 
2 .27
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